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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an acid nitride 
phosphor activated with a rare earth element, which can 
realize a white LED with a higher luminance, using a blue 
LED as the light source. 

SOLUTION: This phosphor is represented by the general 
formula: MexSil 2-(m+n)AI(m+n)0nN1 6-n:Re1 yRe2z. 
wherein a part or the whole of the metal(s) Me (Me is 
Ca. Mg, Y, or one or more of lanthanide metals except La i 
and Ce) capable of forming a solid solution with D-sialon m 
is substituted by lanthanide metal(s) Rel (Rel is one or * 
more of Ce. Pr, Eu. Tb. Yb. and Er) serving as a 
luminescent center, or two kinds of lanthanide metals 
Rel and a coactivator comprising Re2 (Re2 is Dy). 
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mm] »feLED^3ti!st-ri.efeLEDoa3Sjg-fi:^°r 

Ifm^m -«i5C:Me,Sii2.(..„,Al(..„,0„Ni6.„: 
Rel, Re2i Tth $ il . TyP7 r -^--f T o V tcHr^-T 
Me (Mett. Ca. Mg. Y. X{±Lai:CeSr|M?< 5>:J'-K^ 
«<^-«^L<«i-«feU:) ^)-a5^L<(±:feT*i. ^ 
pfe(504''Di:^^7>':7— H^MRel (Relti, Ce, Pr, E 
u. Tb. Yb, X{±ErCO— a^t<«i~aJ-Xt) Xt^-S 
fflc09:^^'::ih'#JgRemi>^it^tvg?p|i: L.-Cc7)Re2 (Re2 
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Itmmi] -«tst:Me.Si,2.(,.„)Al(„.„,0„N,3-„: 
Me (Me{±, Ca. Mg, Y, XJiLat Cea:^< 7 X:?- 
3^cD4"i:^i:^^7>^-F&JSRel (ReHi, Ce. Pr, E 

u. Tb. Yb. xmr(/)—m.^L<i>i—ma±) xhzm 

mcr>^yiS'^\'^^mx/i^mSmb LXmel (Re2 

[i»*fl2] ^«Me*J-«(7)i;^, 0.6<m<3.0, 
o0^n<1.5T'«feSf»*ia 1 ie«<:0«±JS7Cfg$:f'li!§$ 

[W^JSS] ^JRMe3&iHffli<?)i:S. 0.9<in<4.5, 

in^^A ] m=1.5, n=0.75T-S> 0 . fflfKj^ : Me.Si 
9. 75AI2. 25O0. 75N15. 25 :RelyRe2, tC*i Vif , 0.3<x+y< 
0.75. **O0.01<y+z<0.7 y>0.01. O.O^z 

<o. 1 ) r * 2. m^m ^-r^T.*H=fe«<?)#±JS 

[151*^5] 0.3<x+y+z<1.5. 0.01<y<0.7, *>-:> 
0. ogz<0. 1T'J> -I. iS*Jl4 iea«0*Ui7C^S:^iS$ 

[000 1] 
C0002] 

1 0 0 0 3 ] g-ft!t^^L<{iKg'(l:!t?!iSr##;«1st 

{f . F ^ •y!»ilFm789. 890#^IS{;-7 >';4r>'vgttS'fl:r 
jl'S.=.'yj^i)i, tfz. SliRTlzv. Akad. Nauk SSSR. Ne 
org. Master J 17(8). 1431-5 (1981) tC. ^±WcMlZ 
J:0vSttfL$-t±^c-7^^-i^'>Ag<l:r'f ^ (MgSiN2 ) *^ 

SZnSiNjfCMn^f+vg^-tir^t^fe^jt* (T. Endo et al. 
^High pressure synthesis ofperiodic conpound" a 



nd its optical and electrical properties j . In T. 
Tsuruta, M. Doyama and Seno (Editors), New Functio 
nality Materials. Volume C, Elsevier, Amsterdam. T 
he Netherlands, pp. 107-112(1993)) CaSiNztCEu 
S:-ftvS§-ti:«:#fe®3tf*: (S. S. Lee et al. rphotolu 
minescence and Electroluminescence Giaracteristic 
of CaSiNziEuj . Proc. SPIE-Int. Soc. Opt. Eng., 32 
41. 75-83(1997)) , $f>tC, BasSisNsKTEuS-ft^Slt 

c 0 0 0 4 ] mmim^^mz-y^^xii. ^-^^^ r 

TiV-^mmf^}:.-th%!Mf- (1t^Bg60-206889^^ 

fg) S:(±l:4^, '^^'^mim^Tt^9^Ymm:-^'^h 

Y-Si-0-N5^«-^g!Mft;^^^ StCCeS-ftvgS-ttfc«3fe* 

(J. W. H. van Krevel et al. ("Long wavelength Ce 
3* emission in Y-Si-O-N naterialsj , J. Alloys and 

Compounds, 268 . 272-277(1998)) -^^ ^—ST)^^^ 
fl|jt^W-r'5.Bai.,Eu,AluOisN^3t#: (H. Hintzen et 
al. ron the Existence of Europium Aluminum Oxynit 
rides with a Magnetoplumbite or j3 -Alumina-Type St 
ructurej . J. SolidState (3>era. , 142 , 48-50(1999), 
St/'S. R. Jansen et al. TEu-Doped BariumAluminum 
Oxynitride with /8 -Alumina-Type Structure as New B 
lue-EmittingPhosphor J , J. Electrochem. Soc., 146. 

800-806(1999)) tim^^tCZ\^^. ftjfiT'ti, ^^'^ 
-hh^'f YiJ=77.^^^l^}:.-rh'mm-i^mk^ixX 
\^^cr);^Xhh (#112000-030280) , 

[0005] tZ^X\ mt>iM'BmL<iimmj^j:t'cr) 

^pm^t'coj: o izmi&m^'j^^h ^ti^h^m^fiz 
fe, -r^:t>^>afyt«i. ^<r>m&iizx'7ni>tiii<r>xt> 

0, ^j!iT'ib-SjS:^450~550nniCOInGaN^<7)»feLED*< 

<r>x'hh. 

[0006] CltfOJ: 0 ^efeLEDm^^^3fe(*:i: LT 
im^ : (Y,Gd)3(Al.Ga)50i2-C'^§ix|,YAG^K{L 
%CCe5r K -r L7t;^3tf*:*»'a ^ J: < fflv ^ V ^-5) . 
:i<7ymtmi, ^ig-C*-&fifeinGaNa^O«€sLEDf--y 

[0007] 

^Ikitmi. — flaiC, l)^ft*>400nm€-^Si.Sfc, j;?. 

hiV'^m^^L<'m'--tht^^ox.^.i^Lx\^ 

h. Lfzf}^-oX, InGaN^»€lLED<0^ /r«®CYAG^ 
LEDtS, ^3fc#:-r'l5SYAG^g?ik*?!|C7)ll^^vl'^-i: . 

3eiS«o«feLEDoiii^^^;u^-t*^'-gt-^-f . asx 
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[00 08] z<7)iiim<o^mi. uLhioaoio^iftc® 

[0009] 

^Sef^cS-fTj^'OaOJySLTi.^-l. (#112000-030280 

[ 0 0 1 0 ] >e LT, c<7)aiiicoiT&Bj{±, HOies^fiWffl 
^^mmtL. tfz^^\<^m.-\m^m^<7ymE^zr>\^x 

mi^^m<r>is^^Tji^yr^^ Tn:^^m:mtfMzm\'\ 
mmtmx'h^TJi'yT-^'i T^^izmm-t^^mik 

(.mi. Ca, Mg, Y, X«Lai:CeS-^<9>';J'-h-^lS 

<^'P'{L-'k^iyy:f'~]^^mRel (ReKi, Ce, Pr. Eu. 
Tb, Yb, XiiErcr>-^L<lt-mX}:.) X{±-««cO 

7>'^-K^JSRelS.t/="^^'f+S?PJi: Lr<73Re2 (Re2{±D 
y) T-Smt^v:^B^attOl!M-ftit?!)^3e*A^ *®JS<^a 

[0011] :i<otiim<r)^mit. m^<7)mMi:m^^^ 

iiCOt LX. : Me,Sii2-(.t„) Al(«+n)0nNi6-n:Re 

(Me{i, Ca, Mg, Y, XliUtCeim< y y:S^ -i'^m 

<7)-m^ L < iiz.miiUL ) io-is!^ l < a^x t< , ^ 

«04''C^i:=3:S7>^'— H^JgRel (Relti, Ce, Pr, Eu, 
Tb, Yb. X{±ErC7)--S^ t< {±-amj-) x{4-a?®co 
7>-:S'-K^«RelS.i;'ftf+jg|pji: LX<DRe2 (Re2{i:D 
y) -C^$^T.7^>:^»c-e«>SC:fc2:!$iat-rS«±« 

[0012] tfzZ<r>tiim(7)^m±. ±SHei}i-mcOi: 

0.6<a<3.0, *»-:>0^n<1.5T'*SC:i: {tn^TM 
2) , St<{4^JSMe*<Hf»<50i;#, 0.9<in<4.5, 
o0gn<1.5t:'S)^;i:-®«i: LTiSft-T^o 
[0013] § ^.tc^OtB^iO^ajti. tjLhcO#±^ 

^s-^s^-fr/vTiiM-fkiHj^atdctcBau, ■=1.5, n=o.75 

■C-SjO, ffl^KsC: Me,Si9.75Al2.250o.75Ni5. 25:Rel,Re2 
^l,Zti\>^X, 0.3<x+y<0.75. *>O0.01<y+z<0.7 (/^: 
fzL, y>0.0L 0.0<z<0.1) TftSC^ 
4) , $<c>C 0.3<x+y+z<1.5, 0.01<y<0.7, A»0 



0.0gz<0.1T-^SC:i:- (it^5) ar-S«t LTS 

[0014] $ hi,ztfzz<7)iiim<7)mmi. m^m2. 
4Xii5i,z^^^mzmL. ±m»&i)<caX'hhzt (H 
*Ji6) tr-imtLxmm-th. ot. mmm^T^t 

ti^fi^tcov ^x^e>i,zmL< iJJBJ-r s . 

[00 15] 

m^-tfzms.'imm^mi. mm<^m^. -m^ Me,s 

ii2-(.*n)Al(e*„)0„N,6.„:Rel,Re2,i:':5^SfX, Tyl'^r 
•r^rnytca^f ■S.^JRMe (Me{4. Ca, Mg, Y. XJ4L 

ai:ce^i^< yy^~}^^mco-mmL<ii-ma±) 

(7)-^L<ii±Xi}K ^(r>^>t-t.^£hyy9::^¥± 
JERel (Rel(4. Ce, Pr. Eu. Tb, Yb. XI±ErCO— 

<«±z:aW±) X{i-^«50^y^::ih'^JSRelS.l/fi| 
f+vS?PJi: Lri50Re2 (Re2«3:Dy) X-WM^iXX^^h, 

[0016] zcr>\i;,m.<r>^m<^^±mjm^im^'ttz 
mmimmn^a^^x. (si.Ai)3(N.o)4«o 

4^a±tsT;uyT^^ ra>'<7):^^^#{aflS3M^ 

7togi£Hi*^^>, s^tmimMrzOMmimtxmm 

OHK5etrt5V->T, 0.6<m<3.0, *>o0^n<1.5T^> 
0. ^mei^EM(r>t^. 0.9<in<4.5. *»C>0Sn<1.5 

[00 17] C:<7)C0^J^<^— gp^L<J4^T^Sm 
m^h. ^cr)'P>t'^t^hyy:$^-y:±mRel<7) 

-i :^>mm\i. mm 5 at'3> 0 . cia^ x'^znt>ix 

X\^h'mtWi<r)3~~AkX'0\±htHz±h\\, z<r>fz 

ib. mimmi.z^iLrLh^cr>^>t-k.^j:hyy'S'-Y± 
[ 0 0 1 8 ] ^^c, zcotiimcr>mm<Dm±m7cm^im 
- K^JSRearam-r s i: t^x^ h-^. z.<;)mmm 

tL.X<7)yy9=.)^^W.^2(r>mtmimt. -o#^ 

C:,ixh. -^mm^mx'h*). t^-oji, ^ta-ut 

3bS. C:<?)J:-5^:7i^:?::^h'#«Re2<7)»eS<4, M'i 

0.0Sz<0. li:-r-StfO*>'®^^T-S>-5.. 
[0019] § 4>lc. COaiStfO^HBcO#±^7C«$-# 

[0020] -r^rfc^, '<.-:J'1f-f TovJi, : 
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Sig-zAl.O-Ns-s (0<z<4.2) X'^^it. K-^WM-tt 

[0 0 2 1 ] ZMZ-^L. T)\^yr^-<Tnylt. -JE 
5t:Me,Sii2.(..„)Al(.,„)0„Ni6.„-C^$ft. TlVyr 

mMitir^ m<^mmiif^X'h o , s\-wm^co-^m\-^^ 

^X'mMiiXi>ttUZ. ^^cO^JBMe (Meti, Ca. M 
C0022]CCOJ:5 f,zmmXMMM^±m^j:htz 

>(Tor^\mm^^tm<^j:->x\.^^, ^lx, ^- 

r, Eu. Tb. \bmnr(r>m±mmM<r>~m^L<i,iz. 
mxt^maLx^^Ltzitm^it^ ^—^^^tu> 

nxh^t, ^<7)mrammi,z±mne (mt. ca. Mg, 

SCe. Pr, Eu. Tb. YbRXHrCO^±mjcmi}K ^<73±m 

v^tm-mthrzub. T)\^yT^^Tu>mm.<r>s^-'^ti^ 

[0 0 24] Lfzti'^-:>X. Wi^m^^—^^^T'ciy 
t-t^*\ h^^MiTJl-yr-^-fTayft^UHzXr) 

0, zixii^m^<r>^^femtizRm^ti?>. 

[0 0 2 5] -r^i5^, ^-^-^^Tx^yirMmtmk 

$:^jDL^«L7t:^5t<4:'O^S-r-S.^&*fe«i, W& (410 
--440nm) X'h^*K J:fiOJ±SJ^<7)^BJiO*±JS7C*2:# 
a$-ti-JtiS^'ft:!fe^3\i*<±, ^J*r5ll]SH5iJl3tOf02 
iC^nL/ciotC, |5ltEri7)#Jg(cJ; 0^^(±, m^i)> 
( 570~590nm ) TJ) I. . ^ (r>mW^t)^ ^> . T/l' 7 r 

imm^ntT^^^^x'ummtmmzmL\^t ^ti 

[0026] ^tz. mmtm^T/l^y r-t^f ro>'TS) 
[0 0 27] -r^ijib, Tfl^yr^^royli. mRx/ 

i>m^mmmMii99t^zbi}^x-i . Lfzt<r,x, z.<r> 



izht^fKK^l, 

[00 28] Afz, T)Vyr^-iT^y\i. 

"^wmmtmi. mi^^<m/w^. ±m^^wm- 

hyy^~ F^JRReloa^(7)SS^, RX/Mm»\ t L 
X envy 9- K*SRe20**|{: J: 0 , '^\mif 
^ h^z\i%rmxzi.'>X He^tg i: =5: 1. , 

[ 0 0 2 9 ] ittc, ^<r>^mr>^^m^±mm^w^ 

^^fz^.\<?m.mi<r^^X\ m=1.5. n=0.75-CS>'5. 

: Me,Si9. 75AI2. 25O0. 75N15. 2s :RelyRe2ilCtiV> 
X. 0:3<x+y<0.75. *^00.01<y+z<0.7 (Tt/i't, y 
>0.0U 0.0gz<0.1) . SL<(i0.3<x+y+z<1.5, 0. 
01<y<0.7, *»00.0<z<0.1<0^fl=^}1f/v:L.. ^SMe 

[0030] ClcT) J: p {c. CKOajjpcO^agc^j^ijgTcf^ 

^^^^fzmsAmmtMt. a-feLED^f^{:!^{c 

*ia>-C'S) 0 , ^ -5. InGaN^WfeLEDlCffl l.fz'mjik- 

X'thh. 
[0031] 

hrUX^iSSrfflVV 20MPaOjDffiT, 1700'C. lat 

<S> OtrTiVy T-!f-f rn>'(Cao. TsSig. 75AI2. 25N15. 25O 
0. 75) 

© iM-TlVy T-y-'f 7"Oi^(EUo. sSig. 75AI2. 25Ni5. 25O 

0. 75) 

M-ft^r^SCSiaN,) :S-fkT;U5-'7^(AlN) : Kfl^i- 
ntr'!7a.(Eu2 03)=13: 9 : 1 

® Pr-T/U^ r-^-'f roXPrj. sSig. 75AI2. 25N15. jjO 
0. 75) 

•t^->'A(Pr60ii)=30 : 27 : 1 

® Tb-ryU7 r-y-Wr o>'(Tbo.5Si9. 75AI2. 25N15.25O. 
0. 75) 

M-ft:>--<^(Si3N4) :a-fLT/U5-t?A(AlN) : il^k-r/U 
t'';7A(Tb4 07)=26 : 18 : 1 

® Dy-r/W7 r-^-'f r ny (Dy,,. 5819. 75AI2. 25N15. 25O 
0. 75) 

;^To;^'^A(Dy203)=13 : 9 : 1 

® \-TiVy r^^ T\3y{\_ ^Sig. TgAlj. 25N15. 25O 

0. 75) 
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xrni/'>A(Dy203) = 13 : 9 : 1 

(2) Yb-r/U7 r-t'f TDXYbo.gSis.TsAlz. 25N15. ^jO 

0. 75) 

M^t^-f IRCSisN,) : ^itT)\^^-^Mm) : K-ft'f •/ 

r/l-t''>A(Yb203)=13 : 9: 1 

® £r-T)Vy r^^ ro>'(Ero. sSig. 75AI2. 25N15. 25O 

0.75) 

t''>a.(Er203)=13 : 9 : 1 

[1) Ca(0%Eu)-T;U7 T-9->f roym^iC&o. TsSig. 75 

A12. 25N15. 25O0. 75) 

[2] Ca(5ZEu)-r;i^7T-9--f rD>'^5e(*:(Cao.7,Eu 

0. 025Si9. 75AI2. 25N15. 25O0. 7s) 

=95 : 5 

[3} Ca(l(B:Eu)-r;I^7 ra>'^3fe*(Cao. ggEu 

0. OjSig. 75AI2. 28^15. 250o. 75) 

® Ca-r/U7r-9-'f ro>' : ® Eu-r/l-7 T-t^-^ Toy 

=90 : 10 

[4] Ca(20%Eu)-ryU7 rif ^ To.y ^316* (Caj. eoEu 

0. loSig. 75AI2. 25N15. 25po. 75) 

0) Ca-r/^7r■+^'^ro>' : 0 Eu-T/l^^T-t-^ray 

=80 : 20 

(5) Ca(30%Eu)-r/l^7 r^f TU>mKM(C&^. 53EU 

0. IsSig. 7sAl2. 25N15. 25O0. 75) 

CD Ca-r;U7r1f^Tn>' : 0 Eu-T/l'^ T1^^ ra>- 

=70 : 30 

(6) Ca(50%Eu)-r;l^7 rl^-f T'CiV'mtM^^. ssEu 
0. JsSig. 75AI2. 25N15. 25O0. 75) 

(D Ca-r/U^r-y-^fTav- : ® Eu-r;I^7 r-lf Toy 
=50: 50 

(7) Ca(70XEu)-r;U7r-9--f roV«3!£«s(Cao. 2360 
0. SsSig. 75AI2. 25N15. 25O0. 75) 
®Ca-r;U7r-9-'f rc3>' : ® Eu-T;P7 r-»f^ Tai^ 
=30: 70 

mm. <?> ( [7) o^3i£«siOfSife^icRi-r x 

C 0 0 3 2 ] v%^ix<0^5\S*<7)ljgx-<.:7 h-;KCt . 28 
Onini:400— 450nm{Ct£l^tf— ^'**i2i6<?>ixS. C:<7)~0 



0 t^-i?^«{ifi!^^ L-C«v^. 
[0033] U^X'<:7 hMcilix/iZocOf-^cT) 
1^, 280nm<7)h'-7Ji:. S«:«f4Ca-T;U7 r-9--f ro>- 
*^'ae$iXf>: f - ^ tC'JfJK t , 400— 450ninO f-7 {i , 
Eu-(NX{±0)(^^^i6iaiR»td«]g-r^, a*<OEu- 

*»<o . InGaN^#feLEDCOi!ie3e(450~550niB) fc LT 
[ 0 0 3 4 ] I22{i:. Eu^' -f 7rv<7Xt?g* 5- ^-fk^ 

CO f - « , Eu2 M ^ >'Of'tvg*c^iiJDC 1 7t:*^'o T 56 
Onm*>/5590nmiCj$^tCi^7 h L^c. Cc7)5%^'^:? h 

e-:?<:oe:*:^jgJi. Eu^* ;ti^ W«i*»'50%c7)fc § 

# J: 0 LTJiSV^. 

[ 0 0 3 5 ] =5rfc, m_t.c0Ca-r/l/-7r^f'f Toy^jt 

L7t Eu2 * >f ?f >S<0!BJi*^5 A t JffifLT V CI i: i 

•i)i>tfO-CS>-S.. 

(i®6fiaj2 ) mmm^i:. <S> 0>.-r)Vyr-^^r'aV : 
® Pr-r/l'^T-if'f ra>'=50 : 50cO^:/UJtt:?l-^U, 
.rorg-&f;J*2r* -/ ^r^X^aS:fflV^T20MPa^O^raflE 
T. 1700°C, latmcOfiS#fflm4'-C'lB$raRliE$itTPr 
3M ^>'Sr^'^^g§■t^■7tCa-r;^7 T-^-f 7'o>^#:(Ca 

0. asP^o. 25^19. 75AI2. 25Nt5. 25O0. 75) ^•a&L^fZ. 

[00 36] 03(a)(b)(i, MM i^vS-ftvSS 

MZli. 263nm{r/SV^b--;7i:, 460nin#iS(CPr3M ^f:^ 
<7)f-f^tC:a-Cf<W|gf-^*iRi!l$fxyi, ^b'- 
^iZit, 450— 750niDtCPr3M3r>-<Of-f^tZ«-:?<JSI 

(IIMM3 ) iim*?-. CD Ca-r;1^7T^f^TDV : 
® Tb-r/U^r-y-'f rov=50: 50(7)^:/PJt{3il^t, 
C:<7)iI-^*S-*-/ hrUXilSS-fflV^-C20MPa<7)jDE 

T, i7oo'c, \atm(^mm^m%^X'm^Km^-±xn 

3 M ^ f^-rg$ -tf-Tt ca-r ;u 7 r -if-f r o y^jiti^ (Ca 

0. SgTbo. 25Si9. 75AI2. 25Ni5. 25O0. 75) ^'a^LfC^ 

[00 37] ^4(a){b){i. Tb3M3fy«:ftvS$ 

jUZii. 2B3niAZlt\^yi-9ifiWsbhiXtz. mt^—^ 
{Ctt, 470--650nratCTbr3M y<7)f-fS^tS'?< iWH 
b'-^'d^Sjffl^fi.rc. C<7)«i«lt-^»i. 550nintCfcv^ 

xsckxh^. m^?^tLxwm^tih, 
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= 50 : 40 : lO^^/PittC^g-^ CI N 
ri-X^gS:ffll^r20MPa(7)JpET. 1700*C. Iatmc7)g 

tzM^ti^iCao. asEuo. 2oDyo. osSig. 75AI2. 25N 
15. 25O0. 75)2:-^^L3to 

[0 0 3 8] ^5(a)(b){4. EuZM^VfcDySW 

[0039] mi^^^'^^ hMZ^i. 290nmtA5Qnm(iZfl^\i^ 
fcr-:^WfJgL. 450nnK50tr-^^Ji:. Eu-(N,0)cO 

m^mm^imizi^m^^. ^t^~^tc«a!i$ixi>f 

(IIM^15 ) J!S««^*5:. ® Y-TJUyr^^f T^y : 
0 Eu-r/l^:7 T^f-f TO >- =95 : 5(7)^/l/JttC7g'^ L . 

>y hTUX^M$:ffiV^T20MPa<7)JnJE 
T. 1700-C. latni^0M«#ffl^4'-Cl^SKJC$if:TEu 
3 M :^ ^-ftig? ii-:^v: Y-T;^ :7 r r a >'^3e* (Y 

0. SS^^O. 02^i9. 75 AI2. 25'^! 5. 25^0. 75) S^'^'^Uito 

[004 03 ia6(a)(b){i, Eu2M^VS:#?S$ 
310nm^;410nlll^c;^SV^tr— :7*i--?i2i6^>iX7t. 5l 

9.75AI2. 25Ni5.250o.75)2r'?-CO**^3e«:t t^c. 

[004 1] Il7(a)(b){i. Yb2*TyP7r-tf'f T 

*>ffia!l$/X, ::<?)1^-^<1. Yb2M^i^<7)d-fg^{CS 
(l^fie^J? ) B>nE®<?)Er-r;W7 r-^^ rn>'(Ero. sSi 

9.75Al2.25Ni5. 250o.7b) ST -^iT) t *^3fe#:i: LfZ. 

[ 0 0 4 2 ] 08 (a) (b)ti, :g-^ . Ei^'TJUy T 

t , 400nni#jfitCEr3* :+ V<7)f-fS^(CSo'< 
tr-^AWail^ilTt. 50a-600niB(CEr 



[0043] i,*>-?>^. C«7)idJJl<^H^(i, KUKOHSfe 
[0044 ] 

517^(450— 500niii)(ca^ I.. ZCOtzHb. Z<7)tiimcO^B^ 
Cck 0 . «feLEDS:3t^,i:-rsefiLEDiOi«5Sa£-fl:5:^Bg 

10 0 45] tfz, zc7)tiim<^mm(7)^±M7tm^itis 

^Ltz^-V-hX'Syi, 

[03] (a)(b)<±, Pr^*^^^sr^'^^s$■^^7^:ca- 

^ hJl-^:^Lfz^^'-hX'$>^. 

[134] (a)(b)(±, Tb3M^:^5:-f+?g$-ii:7t:Ca- 
TJi^y r^^ TO y^3te«:<?)il»iex'<:? . 
^hiV^TViLtz^^-hX'hh. 

[05] (a)(b)(i, Eu2M Ji-yi:Dy3Mjf>-2ri: 

t {cftvSS •tJrT'cCa-TyW^ r if To >'^3e#c<;oljSx 
hyl'. ^x^7 hiV^^Ltz^^-VX'hh, 

[06] (a)(b){±. Eu2Mjr>*:-ffvS$Hi-7t:Y-r 

\')Vi7TiLrz^-T-\-X'hi>. 

[07] (a)(b){±. Yb2*ryW7r1f-^TD>'^5t 
[08] (a)(b)(i. Er3*ryU7r-»^-<rDy^3t 
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F:^-A(##) 4G001 BA06 BA07 BA08 BA09 BA52 
BB06 BB07 BB08 BB09 BB52 
BC42 BC46 BD31 BE02 
4H001 CA04 XA07 XA08 XA12 XA13 
XA14 XA20 XA39 XA59 XA60 
XA61 XA62 XA63 XA64 XA65 
XA66 XA67 XA68 XA69 XA70 
XA71 YA58 YA59 YA63 YA65 
YA68 YA70 



